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APOLIO 7 (MISSION C) OPERATIONAL ALTERNATE MISSION PLAN

By Alexie H. Benney, Jr. and Semuel L. Miller
SUMMARY

Current alternste mission strestegy being considered for the Apollo T
mission 1s presented. Three genersl alternate missions (1l-day, 2-dey,
and 3-day plans) are presented with specific variations of each depending
on whether or not the S-IVB stage is avallable, spacecraft system life-
time problems, and the asmount of availeble SPS propellant. An alternate
rendezvous plan considering a l-day delay is also presented together with
an evalustion of the detalled test objective achieved by the various
alternate missions. The maneuver plan, lighting history, and statlion
contacts are included for each alternate plan.

Since none of the proposed alternate mission profiles schedule
more maneuvers or require longer system duty cycles than the nominal
mission, it is concluded thet the consumable margins would be larger than
for the nominal mission.

INTRODUCTION

This document presents the current alternate mission strategy being
considered for the Apollo 7 mission support and control. This plan
together with the known limited capebilities of the wvehicle will provide
flight control with & comprehensive, but finite, set of alternate missions
that could be supported in real time in order to accomplish as many detailed
test objectives as possible. The plans presented essentially conslder
whether or not the S-IVB is avallable and the esmount of SPS propellant
available.

These plans consider only the mission profile effects of a functional
failure and not an analysis of the faeilure. The only failures which
require any planning are those which (1) abbreviate the duretion of the
mission, (2) require the spacecraft to expend propellant to attain a
safe orbit, or (3) require a delay in the rendezvous. With the exception
of the terminal phase of the rendezvous, GNCS fallures do not necessarily
require any maneuvers to be deleted. Supporting trajectory data and
maneuver plans for representative cases of the more complex misslons are
provided.



SYMBOLS
ANG Antigua tracking statlon
Ccox Contingency orbit insertlon
cM Command module
CRO Carnarvon tracking station
CSM Command and service modules
CYT Canary Island tracking station
DTO Detalled test objective
ETR Eastern Test Range
FDAT Flight director asttltude indicator
G&aN Guidance and navigation
GNCS Guidance navigation and control system
HAW Hewaill tracking station
M Lunar module
MIL Milem tracking station
MTVC Manual thrust vector control
NCC Corrective combination maneuver
NSR Concentric maneuver
PUGS Propellant utilizetion and gauging system
RCS Reaction control system
RTACF Real-Time Auxillary Computing Facility
RTCC Real-Time Computing Complex
SCS Stabilization and control system

S1A Spacecraft-IM adapter




oPs Service propulsion system
tff Time of free fall

TP1 Terminal phase initializatlon
TVC Thrust vector control

AV Delta wvelocity

ALTERNATE MISSION PLANNING GUIDELINES

AND PERTINENT TEST OBJECTIVES

Guidelines

The following agreed upon alternate mission planning guidelines
were followed.

l. Missions greater than 3 days in duration will be planned in
real time.

2. In asddition to alternate missions of 1, 2, or 3 days durstion,
an alternate rendezvous plan involving a l-day delay in the rendezvous
is considered.

3. Minimize additional crew training.

4, All SPS executed maneuvers, with the exception of the minimum
impulse and deorbit burns, will occur over Cape Kennedy or Carnervon.

5. A prepsration time of two orbits 1s required for an SPS maneuver
(ref. 1, section L4-25).

6. Orbited maneuvers were targeted to achieve

(a) perigee altitude between 80 and 140 n., mi. in order to stay

above minimum perigee heating limit and within SM RCS deorbit
capability.

(b) maximum apogee altitude below 500 n. mi. in order to minimize
radietion hazards (ref. 1, section L4-31).

T. An SPS COI maneuver satisfles the SCS AV control DTO.

8. No asdditional RTCC processors will be necessary. Unususl real-
time data processing requirements will be considered for incorporstion



into the RTACF.

9. ©Spacecraft GNCS failure causes the terminal phase of the rendezvous
plan to be deleted.

Test ObJectives

Many of the DTO's for this mission require spacecraft transletion
meneuvers and/or specific attitude orienteation. Fach of the alternate
mission profiles generated schedules as many of these trajectory and
gttitude related objectives as possible within the guldelines stated above
and within the specified spacecraft capsbility. The test objectives are
listed and described below. A detailed discussion of each 1is contained
in reference 2.

1. Rediator heat rejection and degradation (M7.19). The objective
is to evaluate the performance of the ECS rsdiators and verify the ade-
quacy of the design as early in the Apollo Program as possible. The
required attitude simulation is to maintain an attitude which results in
one radiator being pointed toward the earth for 6 hours. This objective
is the highest priority test objective for this mission.

2. SPS Performance (P3.15). This objective requires that two
gauging sensors in the SPS propellant gsystem be uncovered with a single
SPS burn. It is the sixth objective in the DTO priority list. The
requirement for the 21st objective in the DTO priority list (primary
auxiliary propellant gauging system, P3.16) is identical.

3. GNCS AV control (Pl.12). GNCS AV control is the seventh objective
in the DTO priority list. Three maneuvers are required to satisfy the
test objective: (1) SPS maneuver from 10-30 seconds in duration, (2) SPS
maneuver less than 8 seconds in duration, and (3) RCS maneuver from 2-12
seconds in duretion.

k. 8CS AV control (P2.5). SCS AV control is the ninth objective
in the DTO priority list. The requirement is for an SPS maneuver that
1s under SCS control end greater than 5 seconds in duration.

5. Sextant tracking (P1.10). This objective requires that the
crew employ the sextant to determine the relative trasjectory between
the CSM and the S-IVB for use in onboard rendezvous calculstions. It
is the 13th in the DTO priority list.

6. CSM-active rendezvous (P20.13). The objective is to demonstrate
the capability of the CSM to rescue the IM. It is the lhth in the DTO
priority list.



7. Separation, transposition, and simulated docking (P20.8).
This objective requires that the crew sepsrste the CSM from the S-IVB,
turn the CSM such that the crew faces the S-IVB and performs a simulated
docking. This objective is the 15th in the DTO priority list.

8. SM-SLA deployment system (P7.21). This objective is the 16th
in the DTO priority list. The objective is to verify thet the SLA panels
are deployed properly for IM extraction.

9. SPS minimum-impulse maneuvers (P3.14). This cbjective is the
20th in the DTO priority list. The objective requlres that two SPS
meneuvers less than 1 second in duration be performed. An SPS maneuver
of greater length must separate the minimum-impulse tests.

10. GNCS MIVC AV takeover (P2.6). This objective is the 22nd in
the DTO priority list. The requirement i1s to ellow the crew to manually
control the spacecraft attitude for 5 seconds while the SPS engine is
burning. Thirty seconds of SPS burn under GNCS control must preceed the
manual takeover and completion.

The GNCS AV control objective requires an SM RCS maneuver under
GNCS control. This masneuver would not perturb the trajectory and would
merely be a scheduling problem. If the mission 1s greaster than 1l dey
in length it will be assumed thet this objective is satisfiled.

DETAILED ALTERNATE MISSION DESCRIPTION

The three general alternate missions (1l-day, 2-day, and 3-day plens)
and specific wvariestions of each depending on whether or not the SIVB
stage 1s avallable are presented here. An alternate rendezvous plan
considering a l-day delay is also presented.

A Justification of the need for each alternaté, a general description
of each alternate, and an indication of the DTO's accomplished by each
alternate are included. Input spacecraft data and a description of the
nominal mission are presented in reference 3. Where the plans assume that
a COI has occurred, a vector from such & simuletion has been used for
initial conditions. A COI burn results in an ellipse with & perigee
altitude of 75 n. mi. Nominally the flight dynamics officer will pad
the AV requirement for a 75-n. mi., perigee and thereby raise perigee. If
the AV pad is not achieved, the COI burn will be called masrginal. Input
spacecraft data and a description of the nominael mission are contained
in reference 3. Maneuver plans, lighting histories and station contact
informetion have been included for those missions which have been sim-
ulated.



The maneuver plans for each alternate contain the followlng infor-
metion.

1. Title of maneuver.
2. Ground elapsed time of maneuver.

3. Revolution in which maneuver occurs.

iy, The time length of the burn.

5. The total AV applied.

6. The AV target loads in the external AV system.

Toe The IMU alignment for the current maneuver.

8. The resultent ellipse.

9., The primery and secondary control modes for the maneuver.
10. The principsl station covering the maneuver.

11, Some comments on the purpose of the maneuver.

The maneuver plan tables use four words to describe the IMU align-
ment to be used for the current maneuver: launch, TPI, preferred, and
deorbit. The IMU alignment at launch is used to perform some maneuvers
early in the mission and this alignment willl be referred to in the maneuver
plan tables as launch. The launch alignment has the X-axis of the IMU
aligned with the flight azimuth, and the Z-axis aligned with the negastive
pad vertical. The Y-axis completes a right-handed system.

Approximetely three orbits before the TPI burn, the IMU will be
aligned such that at TPI burn ignition the outer gimbal angle is O°,
the inner gimbel angle 1s equal to the elevation angle between the CSM
and S-IVB, and the middle gimbal angle is 0°. This IMU alignment is used
for both the NCC and NSR maneuvers, and will be referred to in the
maneuver plan tables as TPI.

When the IMU is aligned such that the IMU gimbal angles are all
0° at SPS burn ignition, the maneuver plan tables will refer to the

IMU alignment as preferred.

When the IMU is allgned such that the IMU gimbal angles are outer = 180°,
inner = 180° end middle = O° at SPS deorbit burn ignition the maneuver p.lan
tebles will refer to the IMU alignment as deorbit. The IMU may be aligned
to the deorbit alignment prior to the SPS orbital maneuver preceding the
deorbit burn. This requires that the SPS orbital meneuver have little or



no out-of-plaene velocity component since the IMU must be torqued to prevent
gimbal lock on large out-of-plane velocity changes.

One-Day Mission Plans

There are four plans being considered for l-day missions. The first
two alternates, le and 1b, terminate with a landing in the Middle Pacific
Recovery Zone in the sixth revolution. Alternate la considers a COI, and
alternate 1b does not. The third and fourth plans, alternates lc and 1d,
terminate with a landing in the west Atlantic near the end of the first
day. Alternate lc considers a COI, and alternate ld does not. Nominally,
only the deorbit burn would be scheduled; however, if a COI were necessary
there would be an additional SPS maneuver. For alternate la, it was
assumed that the COI was marginal. Alternates 1b and 1d follow the
nominel operational trajectory plan until deorbit. Tables I and II present

the maneuver plan, lighting history, end station contacts for alternates
la and lc, respectively.

Two-Day Mission Plans

Three 2-day mission plans, alternates 2a, 2b, and 2c, are being con-
sldered. Two days does not permit all test objectives to be met. The
mission can have a rendezvous end two additional SPS meneuvers (one for
deorbit) or no rendezvous and four maneuvers (one for deorbit).

Alternate 2a.- Alternate 2a considers that the S-IVB is in an accept-
able orbit and has been made safe. In this case, the rendezvous will
occur as in the nominal mission, the deorbit will be under GNCS control,
and the other maneuver will be used to evaluate SCS control. The SCS
burn will occur over Carnarvon in revolution 28. The GNCS deorbit burn
will occur over Hawaii in revolution 31, and landing will occur in the
west Atlantic in revolution 32. Table IITI gives the meneuver plan,
lighting history, and station contacts for this alternate. If the SCS
burn were extended to approximately 7O seconds, the SPS performasnce and
gauging tests could be accomplished.

Alternate 2b.- Alternate 2b assumes that an SCS COI burn of less than

31 seconds has occurred. The first maneuver will be a GNCS burn in rev-
olution 16 over Carnarvon to adjust the propellant level for the gauglng
system test. If the COI did not satisfy the SCS test requirement, this

maneuver would be under SCS control. If the COI were between 28 and 31

seconds, this maneuver could be & minimum-impulse test. A 57-second burn
for the SPS performance, gauging and GNCS /MIVC tests will occur over Ceape
Kennedy in revolution 19. A minimum impulse test will be performed over
Carnarvon in revolution 29 and the GNCS deorbit burn over Hawaili occurs

in revolution 32 for a west Atlantic landing in revolution 33. Table IV
gives the maneuver plan, lighting history, and station contects. Because




the CSM-active rendezvous objective can be traded for the minimum-impuise,
gauging system, and manual takeover tests, this plan may be preferable to
the 2a plan when the conditions necessary for entry into the 2a plen exist.

Alternate 2c.~- In the third 2-day plsn, alternate 2c, 1t 1s assumed
that the S-IVB 1s not available and that a COI burn of more than 31 seconds
has occurred. The COI burn will suffice for the SCS test. The first
scheduled maneuver will be performed over Cape Kennedy in revolution 17.
The burn obJjective will be a minimum impulse test. The second maneuver
will occur two revolutions later over Cape Kennedy. Burn objJectives will
depend on the exact propellant level. The most deslrable objective would
be & GNCS MTVC maneuver. This requires a minimum maneuver time of 35
seconds. If this duration is impossible, the maneuver will be a GNCS-
controlled, orbit-shaping maneuver thet uses whatever AV is available.
The third meneuver will be a second minimum-impulse test. The maneuver
will occur over Carnarvon in revolution 29. The deorbit maneuver will
occur over Hawaii in revolution 32 and landing will be in the west
Atlantic in revolution 33. Table V glves & maneuver plan, lighting his-
tory, and station contact history for alternate 2c.

Three-Day Mission Plans

The three-dey missions allow all mission objectives to be scheduled.
Three plans are presented, alternates 3ea, 3b, and 3c.

Alternate 3a.- In the first plan, alternate 3a, it 1s assumed that
the S-IVB is availsble. The rendezvous will occur as in the nominal
mission. In revolution 28 an SCS burn will occur over Carnarvon to adjust
the level for the SPS performance and gauging system test. These tests
willl be performed over Cape Kennedy in revolution 32. A minimum-impulse
test will be performed shortly prior to the GNCS deorblt burn, which occurs
in revolution 45 over Hewali. ILanding will be in revolution 46 in the
west Atlantic. This plan simulates the minimum-impulse test in revolution
42 over the Canary Islsnds. Table VI presents the maneuver plan, lighting
history, and station contacts history.

Alternate 3b.- The second three-day plen, alternate 3b, considers
that the S-IVB is not avallable and that a COI burn of less than 51 seconds
has occurred. The first maneuver will be a GNCS-controlled meneuver in
revolution 17 over Cape Kennedy to adjust the propellant level for SPS
performance and geuging system tests. If the COI burn did not provide &
satisfactory 8CS test, this maneuver will be under SCS control., The second
maneuver will be a minimum-~impulse test over Cape Kennedy two revolutions
later. The SPS performance and gauging system tests will occur over
Cape XKennedy in revolution 32. A second minimum-impulse test will be
performed shortly prior to the GNCS deorbit, which occurs in revolution 47
over Hawaii. This simulation reflects the second minimum-impulse test over




the Canery Islands in revolution 43. Landing occurs in the west Atlantic
in revolution 48. Table VII presents a maneuver plan, lighting history,
and station contacts history for this alternate.

Alternate 3c.—The third 3-day plan, alternate 3c, considers that
the S-IVB 1s unavailsble and that & COI burn of more than 31 seconds has
occurred. The COI burn will suffice for an SCS test. The first msneuver
will be a minimum-impulse test over Cape Kennedy in revolution 17. The
second maneuver will occur over Cape Kennedy two revolutions later. The
objective of this maneuver will be determined by the propellsnt level as
in alternate 2c. The second minimum-impulse test will occur over Cape
Kennedy in revolution 32. The GNCS deorbit burn will occur over Hswaii
in revolution 46 to produce a landing in the west Atlantic in
revolution 47, Table VIII presents the maneuver plan, lighting history,
and station contacts history, respectively.

Alternste Rendezvous Plan

The only alternate rendezvous plan being considered is a l-day delsy.
Alternete rendezvous plans with a delay of one revolution are not con-
sidered because of the loss of good MSFN coverage. A rendezvous delsy
of more than 1 day is not considered because of the drag uncertainties
of the S5~IVB, A l-day delsy in the rendezvous allows approximately the
same meneuver plan, the same station coverage, and the same lighting.

The plsn involves deleting NCC1l at 26h25m g.e.t. and making, instead,
a SM RCS maneuver to reestablish the near-nominal phasing (CSM leading by
about 75 n. mi.) one day later. The SM RCS burn of sbout 12 fps has been

scheduled to occur over Ascension in revolution 18 at about 27h30m gse.t.
Of course, the rendezvous maneuvers (NCC and NSR) slip approximately one
day and the terminal phase follows essentially the same plan as that of
the nominal. The remainder of the mission follows the nominal operationsl
trajectory. A maneuver plan is presented 1in table IX.

ALTERNATE MISSION PROFILE EVALUATION

Table X presents an evaluation of the capability of the alternmate
mission profiles to satisfy the profile-related test objectives discussed
in this document.

Since none of the alternate mission profiles schedules more maneuvers
or require longer total mission duretlion than the nominal mission, it is
concluded that a consumables analysis would reflect greater consumable
margins than the nominal mission.
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